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Transparent glasses embedded with ferroelectric /nonlinear optic crystallites have 
great potential for multifarious applications as these exhibit interesting physical 
properties and could be fabricated in large sizes with high optical homogeneity 
accompanied by high degree of transparency over a wide range of wavelengths of 
light. Amongst a variety of glasses that are known, borate-based glasses are of 
particular interest owing to their greater transparency, good chemical and 
mechanical stability, low materials cost, and useful electrical and dielectric 
properties. Recently, considerable attention has been paid to the 
noncentrosymmetric borate-based compounds as these are interesting from the 
point of view of their piezoelectric, ferroelectric, pyroelectric and non-linear 
optical properties. In the area of photonics, glasses comprising non-linear optical 
crystals have received much attention, because of their high potential for laser 
hosts, tunable waveguides and fiber gratings. 
 
Transparent glasses in various systems were fabricated via the conventional melt-
quenching technique. These glasses were found to yield known crystalline non-
linear optical phases on controlled heat treatment at appropriate temperatures. The 
structural, thermal, dielectric relaxation, electrical conductivity, linear and non-
linear optical properties of these glasses and glass-nano/micro crystal composites 
were studied in the current work.  The results obtained in the present 
investigations have been classified into six chapters apart from the Introduction 
and Materials and Methods chapters. 
 
Chapter 1 comprises a brief introduction to the glasses and transparent 
ferroelectric glass-crystal composites.  The phenomena of non-linear optic (NLO) 
effects along with electro-optic effect observed are elaborated. The basic 
information pertaining to the optical, pyroelectric and ferroelectrics is also 
 included in this chapter as the focus of the thesis centers around such properties of 
glasses and glass nano/microcrystal composites. 
 
Chapter 2 describes the material fabrication techniques adopted in order to 
fabricate glasses and glass-nano/microcrystal composites.  The details pertaining 
to various techniques employed to study the structural, thermal, dielectric, linear 
and non-linear optical properties of these materials are also included. 
 
Chapter 3 deals with the fabrication of transparent BaO-0.5Na2O-4.5B2O3 
(BNBO), BaO-0.5Li2O-4.5B2O3 (BLBO) and SrO-0.5Li2O-4.5B2O3 (SLBO) 
glasses and their structural and thermal properties. These glasses were fabricated 
via the conventional melt-quenching technique. X-ray diffraction (XRD) and 
Differential scanning calorimetric studies (DSC)/Differential Thermal Analysis 
(DTA) carried out on the as-quenched glasses confirmed their amorphous and 
glassy nature, respectively. The thermal parameters were evaluated for the as-
quenched glass-plates using non-isothermal/isothermal experiments. The heating 
rate dependent glass transition, crystallization temperatures, thermal stability and 
glass forming ability were investigated. The thermal stability of the glasses was 
assessed using different methods. The value of Kauzmann temperature was 
determined using heating rate dependent glass transition and crystallization 
temperatures. Hruby parameters were found to be heating rate dependent and 
followed Lasocka’s relation for the present glass systems. Approximation-free 
method was used to evaluate the crystallization kinetic parameters for the BNBO 
glass samples. The effect of the sample thickness on the crystallization kinetics of 
BNBO glasses was also investigated.    
 
In chapter 4, the electrical characterization of the transparent glasses of BNBO, 
SLBO, and BLBO is described. The frequency dependence of the dielectric 
constant and loss was studied as a function of temperature. The dielectric constant 
for the as-quenched glass increased with increasing temperature, exhibiting 
anomalies in the vicinity of the glass transition and crystallization temperatures. 
The frequency dependent characteristics of conductivity and dielectric constant 
 were rationalized using various models. The electrical relaxation and dc 
conductivity characteristics for BLBO and SLBO glasses were rationalized using 
electric modulus formalism. The imaginary part of electric modulus spectra was 
modeled using approximate solution of Kohlrausch-Williams-Watts (KWW) 
relation. 
 
Chapter 5 illustrates transparent surface crystallized BNBO glasses that were 
fabricated using ultrasonic treatment followed by conventional heat-treatment. 
Effect of ultrasonic treatment on crystallization behavior of BNBO glasses was 
investigated using differential scanning calorimetry (DSC). Non-isothermal 
crystallization processes in BNBO glasses before and after ultrasonic surface 
treatment (UST) with the suspension of BaNaB9O15 particles in acetone medium 
have been investigated using DSC. Kinetic parameters were determined by using 
modified Johnson-Mehl-Avrami (JMA) equation. The computed values of kinetic 
parameters of the samples before and after ultrasonic surface treatment were 
compared. The values for the onset of crystallization temperature, activation 
energy and Avrami exponent were found to be lower for ultrasonic treated 
samples. The activation energies for the nucleation and crystallization of 
BaNaB9O15 glasses were also determined.   
 
Chapter 6 gives the details concerning the optical properties of the as-quenched 
glasses of BNBO, BLBO and SLBO. The optical properties that include refractive 
indices, optical band gap, Urbach energy and Fermi energy were determined. The 
optical basicity of the glasses was estimated on the basis of average electronic 
oxide polarizability calculated from the refractive index expression. Transparent 
BNBO and SLBO glass nano/microcrystalcomposites were fabricated by 
subjecting the as-quenched glasses to appropriate heat-treatment temperatures 
These glass nano/microcrystalcomposites exhibited intense second harmonic 
signals in transmission mode when exposed to infrared laser beam at λ=1064 nm. 
More interestingly, the as-quenched glasses within a few minutes of exposing to 
1064 nm irradiation, exhibited second harmonic generation. The second-harmonic 
 waves were found to undergoe optical diffraction and was attributed to the 
presence of self-organized microcrystalline patterns associated with about 0.5-
2μm periodicities. 
   
In chapter 7, the frequency and temperature dependence of the dielectric constant 
and the electrical conductivity of the transparent glasses in the composition Li2O-
3B2O3 (LBO) were investigated in the 100 Hz- 10 MHz frequency range. The 
dielectric constant and the loss in the low frequency region were electrode 
material dependent. Dielectric and electrical relaxations were respectively 
analyzed using the Cole-Cole and electric modulus formalisms. The dielectric 
relaxation mechanism was discussed in the framework of electrode and charge 
carrier (hopping of the ions) related polarization using generalized Cole-Cole 
expression. The frequency dependent electrical conductivity was rationalized 
using Jonscher’s power law. The activation energy associated with the dc 
conductivity was 0.80 ± 0.02 eV, which was ascribed to the motion of Li+ ions in 
the glass matrix. The activation energy associated with dielectric relaxation was 
almost equal to that of the dc conductivity, indicating that the same species took 
part in both the processes. Temperature dependent behavior of the frequency 
exponent (n) suggested that the correlated barrier hopping model was the most 
apposite to rationalize the electrical transport phenomenon in Li2O-3B2O3 glasses. 
These glasses on heating at 933 K/10h yielded the known non-linear optical phase 
LiB3O5. 
 
Chapter 8 describes the thermal parameters that were evaluated using non-
isothermal DTA experiments. Kauzmann temperature was found to be 759 K 
based on heating rate dependent glass transition and crystallization temperatures. 
Theoretical relation for temperature dependent viscosity was proposed for these 
glasses and glass-microcystal composites. The dielectric constants in the 1 kHz-1 
MHz frequency range were measured as a function of temperature (323-748 K). 
The dielectric constant and loss were found to be frequency independent in the 
323-473 K temperature range. The dielectric behavior was consistent with the 
 universal dielectric response (UDR). The temperature coefficient of dielectric 
constant was estimated using Havinga’s formula and found to be 16 ppm.K-1. The 
electrical relaxation was rationalized using the electric modulus formalism. The 
dielectric constant and the loss were 17 ± 0.5 and 0.005 ±0.001, respectively at 
323 K in the 1 kHz-1 MHz frequency range which may be of considerable interest 
to capacitor industry.  
 
Thesis ends with summary and conclusions, though each chapter is provided with 
conclusions and complete list of references. The following publications are 
largely based on the studies conducted as a part of the research work reported 
over here.        
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